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EXECUTIVE SUMMARY 

This data report summarizes an evaluation of polycyclic aromatic hydrocarbon (PAH) 

concentrations in sediment and surface water from samples collected as part of the human 

health risk assessment for the Red Butte Creek site.  The primary purpose of the data evaluation 

is to determine if the concentrations collected in sampling events from 2014 and 2015 are similar 

in Red Butte Creek and neighboring creeks within the watershed that collectively represent 

background conditions.  Sediment data were grouped by location, date of sampling event, and 

sample type (bank and bed samples) to examine factors that may contribute to heterogeneity 

and also to verify that assumptions of the statistical analysis are satisfied.  Exploratory data 

analysis and statistical analysis methods were applied using techniques consistent with current 

U.S. Environmental Protection Agency (EPA) guidance and tools available online. 

The analysis supports the overall conclusion that PAH concentrations in Red Butte Creek are 

similar to concentrations measured in 2011, and consistent with levels present in background 

areas in 2014 and 2015.  PAH concentrations were not detected in the majority of samples 

collected for both sediment and surface water.  Both the FOD and the distribution of 

concentrations greater than reporting limits (i.e., detects) were the same or lower in Red Butte 

Creek compared with background locations.  The findings for some of the individual PAHs are 

sensitive to the low FOD.  As needed, additional hypothesis testing was applied to detects to 

further compare the populations and results were interpreted in the full context of the 

exploratory data analysis. 

This data report also summarizes information on macroinvertebrate samples that were collected 

in Red Butte Creek and the background creeks.  Data consisted of various indices or metrics of 

ecological health and functioning of the aquatic macroinvertebrate community.  The findings 

support the conclusion that the communities are similar across Red Butte Creek and 

background creek systems. 
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1 EXPLORATORY DATA ANALYSIS 

The sediment dataset consists of 18 polycyclic aromatic hydrocarbons (PAHs) measured in bank 

and bed sediment samples collected in 2014/15.  Samples were collected from various stations 

throughout Red Butte Creek.  All samples were grouped with the exception of the station 

denoted “Above Amphitheater”, which is an upstream location that was considered a reference 

area, but excluded from the background data set.  The background data were collected from a 

series of four creeks called City Creek, Emigration Creek, Mill Creek, and Parleys Creek.   

For the 2014/15 sediment dataset, samples were collected during four periods – April 2014, 

October 2014, April 2015, and August 2015.  For the 2011 dataset, samples were collected in 

August 2011. 

For the 2014/15 water dataset, samples were collected during the same time periods and in the 

same creek systems.  Samples were also collected from Jordan Creek. 

The following questions are addressed in this analysis for each PAH: 

1. Is the distribution present in sediment of Red Butte Creek in 2014/15 the same as the 

distribution in Red Butte Creek in 2011? 

2. Is the distribution present in sediment of Red Butte Creek in 2014/15 the same or 

elevated compared to the distribution in background sediment? 

3. Is the distribution present in surface water of Red Butte Creek in 2014/15 the same or 

elevated compared to the distribution in background creek? 

The methods used to address these questions include exploratory data analysis of summary 

statistics, graphical methods including boxplots and Q‐Q plots, screening against background 

threshold values using upper tolerance limits (UTLs), outlier analysis, correlation analysis, and 

hypothesis testing.  Many of these methods were also used in the evaluation of the 2011 dataset 

as part of the 2011 Human Health Risk Assessment (HHRA). 

The analysis was completed using U.S. Environmental Protection Agency’s (EPA) ProUCL 5.0 

software for calculations of UTLs and hypothesis tests (USEPA 2013).  Boxplots and Q‐Q plots 

were generated in R version 3.2.3 (R Core Team 2015) using the ggplot2 package (Wickham 

2009).  The quantile tests were implemented using the WRS Package (Wilcox and Schönbrodt 

2014) and the tables were generated with r2excel (Kassambara 2014). 

To facilitate the review using graphical analysis, figures are grouped into batches as follows: 

A. Box and whisker plots for sediment bank and bed samples 
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B. Box and whisker plots for sediment data grouped by sample collection date 

C. Box and whisker plots for sediment grouped by creek system 

D. Q‐Q plots (lognormal and gamma) for comparison of background to Red Butte Creek 

2014/15 and 2011 

E. Box and whisker plots for surface water grouped by creek system 

F. Box and whisker plots for benthic macroinvertebrate metrics 

1.1 DATA PROCESSING 

The data analysis was applied to the dataset excluding quality control samples (e.g., field 

duplicates, laboratory duplicates).  Nondetects are represented by practical quantitation limits 

(PQLs) corresponding to analytical method 8270‐SIM. 

Data from samples collected in Red Butte Creek above the Ampitheater were included in 

graphical analysis but excluded from statistical tests for consistency with the data aggregation 

methods applied in the 2011 HHRA. 

Outlier screening was conducted, but no outliers were removed. 

Concentrations for PAHs in sediment are reported in units of mg/kg and concentrations in 

water are in units of mg/L, unless specified otherwise. 

Data were evaluated to confirm that samples sizes for each PAH matched when grouped by 

location and sample type (bank or bed). 

1.2 BANK AND BED SAMPLES 

Boxplots shown in Figure set A illustrate the side‐by‐side distributions of bank and bed samples 

for both background and Red Butte Creek datasets.  For 11 of 18 PAHs, the distributions for 

bank and bed samples are similar, and consistent between background and Red Butte Creek.  

For the remaining 5 PAHs, the median and overall distribution is higher in bank sediment, but 

the pattern is similar for background and Red Butte Creek.   

Based on these observations, the bank and bed samples were combined because the results are 

not likely to be affected by differences in bank and bed distributions. 
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1.3 SUMMARY STATISTICS 

Table 1 presents the summary statistics for 2014/15 sediment data by PAH and area 

(background or Red Butte Creek), including frequency of detection (FOD), range of nondetect 

reporting limits (based on PQLs), range and arithmetic mean of detects, and the median and 

standard deviation of the full dataset (including all detects and nondetects). 

Ratios of sample medians were calculated by dividing the median for background by the 

median for Red Butte Creek.  The ratio is greater than 1 for each PAH, which provides one line 

of evidence to address the question regarding differences between Red Butte Creek and 

background.   

Ratios of sample standard deviations are also calculated based on the maximum of the ratio of 

background divided by Red Butte Creek, and vice versa.  This metric is used to determine if the 

assumption of equal variance that underlies parametric and non‐parametric hypothesis tests is 

violated.  Ratios greater than approximately 3.0 are indicative of unequal variance, which may 

introduce uncertainty in the findings of the test.  EPA recommends noting such findings, but 

not attempting to correct for unequal variance through data transformations (USEPA 2007, 

2013). 

The relatively low FOD in both background and site datasets is noteworthy, as is the 

observation that the range of nondetects and detects overlap.  EPA recommends a minimum of 

8 to 10 detects for several statistical tests employed in this analysis (USEPA 2013).  Six of 18 

PAHs in the background dataset, and 9 of 18 in the Red Butte Creek dataset have fewer than 8 

detects for many of the same PAHs.  As noted later, this line of evidence also supports the 

overall finding that PAH concentrations are not elevated above background. 

Summary statistics are not tabulated for surface water samples because PAHs were infrequently 

detected in background and RBC.  For the water samples, the PQL for method 8270‐SIM is listed 

as 0.0001 mg/L.  A graphical presentation of the data is given in Figure set E and the list of 12 

detects is given in the MS Excel workbook attached to this report.  Benzo(a)anthracene was 

detected in 1 of 58 background samples and 0 of 19 Red Butte Creek samples.  Three PAHs were 

detected at 1 of 4 samples collected from the upstream station on Red Butte Creek (“RBC Above 

Ampitheater”).  Eight PAHs were detected in 3 of 19 samples collected from 11 stations in the 

downstream portion of Red Butte Creek; six of these were from the same location, “RBC Above 

1500E”, from the sampling event on August 2015.  None of these PAHs were detected at this 

location in April 2014 or April 2015.  The remaining two detects were from a sample collected 

from “RBC Above Sunnyside” in October 2014.  This specific location was not sampled during 

other sampling events in 2014 or 2015.   
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1.4 OUTLIER ANALYSIS 

Table 1 also presents the summary of the outlier analysis applied to the sediment data.  The 

data were initially screened for potential outliers by examining tabular summaries and 

graphical summaries, including box and whisker plots (Figure sets A, B, and C) and Q‐Q plots 

(Figure set D).  Since there were very few water samples with concentrations greater than PQLs, 

no outlier screening was performed on the water samples. 

The premise of outlier screening for this analysis is that it serves as one tool by which to explore 

the data.  The objective is not to “flag and eliminate” spurious high values, but rather to 

examine the collective set of such high values for potential patterns.  For example, a specific 

sampling event or sample may be impacted by random environmental conditions, sample 

collection and handling procedures, or laboratory preparation procedures.  This screening step 

serves as a quality control check on the representativeness of the dataset as a whole. 

Another screening step that was considered was the interquartile range (IQR) rule, which 

establishes a threshold above which potential outliers (from the same dataset) are flagged.  The 

calculation involves a multiple, “k”, times IQR added to the median.  Common practice is to use 

k values of 2 or 3, though the choice is somewhat arbitrary and coverage probabilities (i.e., the 

probability of identifying an outlier if it in fact exists) vary depending on the skewness of the 

distribution. 

The maximum value was identified as a potential outlier for five PAHs in the background 

dataset and four PAHs in the Red Butte Creek dataset.  These values were noticeably different 

from the distribution of concentrations illustrated in the Q‐Q plots. 

Following EPA guidance (USEPA 2013), each outlier was examined for statistical significance 

using Rosner’s test (α = 0.05), which applies for sample sizes greater than 25.  Each value was 

confirmed to be a statistically significant outlier.  Given the relatively large sample sizes and the 

use of nonparametric (rank order) statistics, the results of the analysis summarized in this report 

are considered robust to these single extreme values.  The outliers also provide important 

context for interpreting the relevance of screening site data against background threshold 

values. 

1.5 Q-Q PLOTS 

Q‐Q plots were prepared for each dataset using lognormal and gamma distribution 

assumptions because the background datasets generally fit one or both of these distributions 

(see Table 2).  Three series are shown on each figure – one for background, one for Red Butte 

Creek 2011, and one for Red Butte Creek 2014/15. 
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The series can be examined independently to look for potential outliers, as discussed in the 

Section 1.4, as well as to identify multiple populations.  A break in the points or sudden change 

in slope is indicative of this condition.  The series can be examined together to determine if they 

generally overlap, or if they are shifted to the left or right.  If the background distribution is 

shifted to the left, for example, this means that concentrations tend to be higher at lower 

quantiles of the overall distribution – so background would be considered elevated relative to 

Red Butte Creek. 

For each PAH distribution, the Q‐Q plots support the finding that background concentrations 

are elevated, or comparable to Red Butte Creek.  The exceptions occur in the extreme tails of the 

distributions for some PAHs, indicating that maximum concentrations are not consistently 

higher in background compared to RBC.  

1.6 CORRELATIONS 

Based on the tabular summaries and Q‐Q plots (Figure set D), it is apparent that distributions 

for selected pairs of PAHs are tracking closely together.  This is not uncommon for PAHs, and 

in fact is a property of PAH mixtures used to conduct forensic chemistry evaluations of 

environmental data.  Two correlations are presented graphically based on detected 

concentrations.  Figure 1 shows the strong correlation (R2 > 0.99) for n = 8 samples where  

1‐methylnaphthalene and 2‐methylnaphthalene were detected in the combined background and 

Red Butte Creek datasets.  Figure 2 shows a moderate correlation (R2 = 0.77) for n = 54 samples 

where phenanthrene and pyrene were detected.  Both plots are on a log‐log scale and use a 

power curve to quantify the fit of the collective data. 

Such correlations could be used to extend the data for additional paired concentrations where 

the result for one PAH is a nondetect and the result for the second, correlated PAH for the same 

sample is a detect.  This method may reduce uncertainty associated with comparisons of 

distributions that are moderately censored (e.g., FOD equal to 30 to 70%).  Such an analysis was 

beyond the scope of this report. 

1.7 BENTHIC MACROINVERTEBRATE METRICS 

Macroinvertebrate community structure has commonly been used as an indicator of the 

condition of an aquatic system (Armitage et al., 1983; Mandaville 2002).  The following metrics 

were calculated based on samples collected twice a year (April and August) on 2013, 2014, and 

2015:  Taxa Richness, Evenness, Shannon‐Wiener Diversity Index, Hilsenhoff Biotic Index, 

Percent Chironomidae, and Percent Ephemeroptera, Plecoptera, and Trichoptera (EPT).  Figure 

set F presents boxplots that illustrate the distributions of results by creek system, including 

combined background creeks and Red Butte Creek.  The specific sampling dates were:  April 

2013, August 2013, April 2014, August 2014, April 2015, and August 2015. 
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The following is a guide to the interpretation of the magnitude of each metric (Mandaville 

2002): 

 Taxa Richness (TR):  Taxa Richness equals the total number of taxa represented within 

the sample.  The healthier the community is, the greater the number of taxa found 

within the community. 

 Evenness:  Relevant abundance of different taxonomic groups, determined by the 

counts of all organisms collected.  Values are distributed between 0 and 1, with values 

closer to 1 indicating individuals are distributed more evenly (Pielou 1966). 

 Shannon‐Wiener Diversity Index (H):  H is a function of the proportion of individuals 

in a given taxon and the total number of taxa in the community.  As the number and 

distribution of taxa (biotic diversity) within the community increases, the value of H 

increases. 

 Hilsenhoff Biotic Index:  Provides a measure of family‐level tolerance values ranging 

from 0 (very intolerant) to 10 (highly tolerant).  The following scale can be used to 

evaluate water quality conditions: 

Hilsenhoff Biotic Index  Water Quality  Degree of Organic Pollution 

0.00 – 3.75  Excellent  Organic pollution unlikely 

3.76 – 4.25  Very good  Possible slight organic pollution 

4.26 – 5.00  Good   Some organic pollution probable 

5.01 – 5.75  Fair  Fairly substantial pollution likely 

5.76 – 6.50  Fairly poor  Substantial pollution likely 

6.51 – 7.25  Poor  Very substantial pollution likely 

7.26 – 10.00  Very poor  Severe organic pollution likely 

 

 Percent Chironomidae:  The abundance of Chironomidae indicates the system is 

suitable to more tolerant (less sensitive) organisms.  Therefore, higher percentages are an 

indication of a stressed system. 

 Percent EPT:  The abundance of EPT indicates the system is suitable for less tolerant 

(more sensitive) organisms.  Therefore, higher percentages are an indication of a system 

considered to be in good biotic condition. 

 EPT/C:  The ratio of EPT/C index is calculated by dividing the sum of the total number 

of individuals classified as EPT by the total number of individuals classified as 

Chironomidae.  A community considered to be in good biotic condition will display an 

even distribution among these four groups, while communities with disproportionately 

high numbers of Chironomidae may indicate environmental stress.   
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The distribution for each metric for Red Butte Creek generally overlaps with the combined 

background distribution.  The median for Red Butte Creek is slightly greater for Taxa Richness, 

Evenness, Shannon‐Weiner Diversity Index, and Percent EPT, lower for Percent Chironomidae, 

and higher for the EPT/C ratio – all indications that conditions for biota in Red Butte Creek are 

the same or more favorable than that of background. 

For the Hilsenhoff Biotic Index, 11 of 21 (52%) sampling events in Red Butte Creek yielded 

index values classified as very good or excellent water quality, 5 of 21 (24%) are classified as good, 

and the remaining 5 of 21 (24%) are classified as fair.  This distribution matches almost exactly 

the classifications for the combined background creek dataset (n= 38): very good or excellent 

(55%), good (23%), fair (15%), and fairly poor (7%). 

Collectively, the findings from the analysis of the biotic indices support the conclusion that the 

communities are similar across Red Butte Creek and background creek systems. 
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2 UPPER TOLERANCE LIMIT 

The UTL is considered an upper bound concentration in the background dataset which, if 

exceeded in the site dataset, may indicate that the distributions represent different populations.  

It is considered a “background threshold value”, and an initial line of evidence to be further 

explored using two‐sample hypothesis tests. 

The UTL can be thought of as an upper confidence limit on an upper percentile of the sample 

results.  The standard approach is to select the 95th percentile and the 95 percent upper 

confidence limit, which is denoted the “95/95 UTL”.  Parametric and nonparametric methods 

can be implemented with ProUCL 5.  For nonparametric methods, a minimum of 

59 observations is needed for the sample maximum to be able to provide the desired confidence 

level and coverage the distribution.  All of the background datasets for this analysis consist of 

104 observations.   

Table 2 provides the summary statistics and results of the UTL calculations.  Each distribution 

shape was explored with goodness‐of‐fit (GOF) tests using ProUCL as well as by visual 

inspection of the Q‐Q plots for lognormal and gamma distributions.  The selection criteria, also 

summarized in the table footnotes, are as follows: 

 If the GOF supports a normal distribution, with or without additional support for 

lognormal and gamma distributions, the UTL is based on the normal UTL equation 

using Kaplan Meier (KM) parameter estimates.  EPA recommends KM parameter 

estimates for left censored data, such as with each PAH dataset in this analysis (USEPA 

2013). 

 If the GOF supports a gamma and lognormal distribution, the UTL is based on the 

gamma UTL using KM with Wilson Hilferty estimations. 

 If the GOF supports a lognormal distribution, the UTL is based on the lognormal UTL 

using KM parameter estimates. 

 If the GOF does not support normal, gamma, or lognormal, the UTL is based on the rank 

ordered value (n = 102 of 104). 

An insufficient number of detects (n < 8) are present to calculate a UTL for 6 of 18 PAHs.  For 8 

of the remaining 12 PAHs, the UTL is exceeded by the maximum of the Red Butte Creek 

dataset.  It is noteworthy that for two of these PAHs – benzo(a)pyrene and phenanthrene – the 

maximum values differ from the 95/95 UTL by less than 5%.  In addition, for three of these 

PAHs – benzo(a)anthracene, benzo(b)fluoranthene, and chrysene – the maximum values in the 
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Red Butte Creek datasets are statistical outliers, and the second highest value is less than the 

95/95 UCL.   

Finally, it is important to note that, for each PAH background dataset, the maximum 

concentration exceeds the 95/95 UTL calculated from the same dataset (see Table 2).  In other 

words, if the very same results were obtained from RBC, one or more exceedances of the 95/95 

UTL would have been noted in every case.  This finding further underscores the concept that 

the utility of a UTL is as a screening tool, not as a conclusive line of evidence regarding the 

comparability of the background and site distributions. 
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3 HYPOTHESIS TESTS 

Given that the PAH datasets are all left‐censored with multiple PQL reporting limits, the Gehan 

test was selected to compare distributions from two samples, consistent with EPA guidance 

(USEPA 2013).  The Gehan test examines the differences in the sample medians.  Results are 

summarized in Table 3 for the RBC 2011 and RBC 2014/15 datasets, and Table 4 for the 

background and RBC datasets from 2014/15. 

It is important to note that one‐sided two‐sample hypothesis tests require a definition for the 

null hypothesis.  Often this assumption determines the outcome of the test because large 

differences in sample statistics are required to reject the null hypothesis.  For this reason, a 

background evaluation should not hinge on a single test of statistical significance, but rather 

include hypothesis tests as a line of evidence together with exploratory data analysis 

procedures. 

3.1 RED BUTTE CREEK 2011 COMPARED TO RED BUTTE CREEK 2014/15 

Table 3 summarizes the hypothesis test results for comparisons of Red Butte Creek 2011 and 

Red Butte Creek 2014/15 datasets.  Sufficient sample samples (i.e., n > 8 detects in both groups) 

are available to perform this analysis for four PAHs:  chrysene, fluoranthene, phenanthrene, 

and pyrene.  The ratio of standard deviations are all less than 3, so the assumption of 

homogeneity of the variances of the two distributions is not violated. 

In each case, the Gehan test supports the conclusion that the distributions are the same because 

the difference in the medians of the background and RBC data are not statistically significant (p‐

values are much greater than 0.05).1   

3.2 BACKGROUND COMPARED TO RED BUTTE CREEK 2014/15 

The sample size is sufficient with at least 8 detects in background and RBC datasets from 

2014/15 to apply hypothesis tests for 9 of 18 datasets.  As shown in Table 4, the null hypothesis 

that RBC is less than or equal to background is rejected for one PAH – indeno(1,2,3‐cd)pyrene2.  

For this PAH, even though the sample median for background is greater than that of RBC for 

the full dataset of detects and nondetects (with a ratio of sample medians equal to 1.08), this 

                                            
1 The null hypothesis is based on a two‐sided test to give equal chance of concluding that the distribution from 

2014/15 is different (higher or lower) than that of 2011.   
2 The null hypothesis is a one‐sided test that the RBC median is less than or equal to the background median (called 

Form 1 by USEPA 2013).  The Form 2 test was not evaluated given that the relatively low frequency of detects for 

these PAH datasets reduces the information content required to achieve a desired error rate of just 5 percent. 
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difference is not large enough to be considered statistically significant3.  It should be noted that 

this PAH has the lowest FODs (16 percent for background, 29 percent for RBC) of the 9 PAHs 

evaluated, meaning that the summary statistics (median and SD) are dominated by the PQL 

values used to represent nondetects.  Not only is the sample median higher for background, but 

the sample maximum for background is also greater by approximately a factor of two (see Table 

3) and the overall distribution of detects (illustrated by the Q‐Q plot for background in Figure 

D‐15) is greater for the background dataset compared with the RBC.  Indeed, when the 

hypothesis test is rerun on detects only, the distribution for RBC is considerably lower than that 

of background (p=0.47; see Table 4).  Therefore, collectively, the summary statistics, graphical 

presentation of the data, and hypothesis testing suggest that the concentrations in the region of 

the detects supports the assumption that indeno(1,2,3‐cd)pyrene concentrations are not elevated 

in RBC compared to background. 

It is noteworthy that for each PAH, the sample median for the background dataset is higher 

than that of the Red Butte Creek dataset.  The ratio of standard deviations for the candidate 

PAHs with sufficient samples sizes of detects are all less than 3. 

Upper tail tests, such as the Quantile test, are no longer supported in ProUCL 5.0 and 5.1 due to 

lack of resources and because some users previously misapplied the tests to datasets with 

sample sizes greater than 18.  EPA discontinued this functionality because exact critical values 

for the larger samples sizes have not yet been developed.  Results for Quantile tests 

implemented in R are shown in Table 4 for comparison purposes ‐ in the event that these test 

were run on earlier datasets from Red Butte Creek.  

 

  

                                            
3 The p‐value for the Gehan Test for indeno(1,2,3‐cd)pyrene is 0.04; a value of 0.05 or more is needed to conclude the 

assumption that the median for Red Butte Creek is less than or equal to background is supported by the data. 
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4 CONCLUSION 

Using the same methods as the 2011 HHRA, this report presents multiple lines of evidence to 

address the questions outlined at the start of the report   

 Is the distribution present in sediment of Red Butte Creek in 2014/15 the same as the 

distribution in Red Butte Creek in 2011? 

The median concentrations were comparable for each, though slightly lower for 2014/15, 

perhaps due to improvements in analytical detection limits.  The four PAHs that had sufficient 

detects to evaluate with hypothesis tests confirmed that the PAH concentrations are comparable 

between the two time periods. 

 Is the distribution present in sediment of Red Butte Creek in 2014/15 the same or 

elevated compared to the distribution in background sediment? 

The following observations are noted for each PAH: 

 1‐methylnaphthalene and 2‐methylnaphthalene (highly correlated):  very low FOD in 

both background (8 percent) and RBC (10 percent); Q‐Q plots overlap (exhibiting similar 

concentrations across the range); maximum concentration in background appears to be a 

statistical outlier. 

 Acenapthene, acenapthylene, anthracene, dibenz(a)anthracene, fluorene, and 

naphthalene:  All have very low FOD in background and Red Butte Creek datasets, and 

exhibit similar magnitude and distributions of detects. 

 Benzo(a)anthracene:  Slightly greater FOD in Red Butte Creek (41% compared to 35%); 

Q‐Q plots overlap (exhibiting similar concentrations across the range); just the 

maximum value exceeds the 95/95 UTL and this value is a statistical outlier; ratio of 

medians is 1.16 (higher in background). 

 Benzo(a)pyrene:  Slightly greater FOD in Red Butte Creek (43% compared to 37%); Q‐Q 

plots overlap (exhibiting similar concentrations across the range); just the maximum 

value (0.166 mg/kg) exceeds the 95/95 UTL (0.163), a difference of 2%; ratio of medians is 

1.14 (higher in background). 

 Benzo(b)fluoranthene:  Greater FOD in Red Butte Creek (43% compared to 24%); Q‐Q 

plot for background is shifted to the left (exhibiting higher concentrations for 

background across the range); just the maximum value (0.263 mg/kg) exceeds the 95/95 

UTL (0.149) and this value is a statistical outlier; ratio of medians is 1.14 (higher in 

background). 

 Benzo(g,h,i)perylene:  Slightly greater FOD in Red Butte Creek (31% compared to 24%); 

Q‐Q plot for background is shifted to the left (exhibiting higher concentrations for 
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background across the range); maximum value does not exceed the 95/95 UTL; ratio of 

medians is 1.17 (higher in background). 

 Benzo(k)fluoranthene:  Slightly greater FOD in Red Butte Creek (12% compared to 8%); 

Red Butte Creek has the same distribution compared to Red Butte Creek upstream; Q‐Q 

plots overlap (exhibiting similar concentrations across the range); 2 of 42 values for Red 

Butte Creek exceed the 95/95 UTL; ratio of medians is 1.05 (higher in background). 

 Chrysene:  Greater FOD in Red Butte Creek (41% compared to 34%); pattern of higher 

bank compared to bed is similar in background and Red Butte Creek; Red Butte Creek 

has the same distribution compared to Red Butte Creek upstream; Q‐Q plots overlap 

(exhibiting similar concentrations across the range);  just the maximum value (0.244 

mg/kg) exceeds the 95/95 UTL (0.138) and this value is a statistical outlier; ratio of 

medians is 1.16 (higher in background). 

 Fluoranthene:  Greater FOD in Red Butte Breek (41% compared to 34%); pattern of 

higher bank compared to bed is similar in background and Red Butte Creek; Red Butte 

Creek has the same distribution compared to Red Butte Creek upstream; Q‐Q plots 

overlap (exhibiting similar concentrations across the range);  just the maximum value 

(0.244 mg/kg) exceeds the 95/95 UTL (0.138) and this value is a statistical outlier; ratio of 

medians is 1.16 (higher in background). 

 Indeno(1,2,3‐cd)pyrene:  Greater FOD in Red Butte Creek (29% compared to 16%); 

pattern of higher bank compared to bed occurs in Red Butte Creek but not background; 

Red Butte Creek has the same distribution compared to Red Butte Creek upstream; Q‐Q 

plot for background is shifted to the left (exhibiting higher concentrations for 

background across the range);  2 of 42 value results for Red Butte Creek exceed the 95/95 

UTL; hypothesis test of difference in medians of full datasets indicates Red Butte Creek 

is elevated, but the ratio of sample medians is 1.08 (higher in background) and the 

hypothesis test for detects only demonstrates that RBC is less than or equal to 

background (p=0.47). 

 Phenanthrene:  Same FOD in Red Butte Creek and background (36%); pattern of higher 

bank compared to bed is similar in background and Red Butte Creek; Red Butte Creek 

has the same distribution compared to Red Butte Creek upstream; Q‐Q plots overlap 

(exhibiting similar concentrations across the range);  just the maximum value (0.237 

mg/kg) exceeds the 95/95 UTL (0.231) and this difference is 3%; ratio of medians is 1.19 

(higher in background). 

 Pyrene:  Slightly lower FOD in Red Butte Creek (50% compared to 51%); pattern of 

higher bank compared to bed is similar in background and Red Butte Creek; Red Butte 

Creek has the same distribution compared to Red Butte Creek upstream; Q‐Q plots 

overlap (exhibiting similar concentrations across the range); maximum value for RBC 

does not exceed the 95/95 UTL; ratio of medians is 1.06 (higher in background). 
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The following summarizes findings regarding the following question regarding PAHs in 

surface water: 

 Is the distribution present in surface water of Red Butte Creek in 2014/15 the same or 

elevated compared to the distribution in background creek? 

Very few detects are present in the PAH water dataset.  These detects were present in both 

background and Red Butte Creek surface water, supporting the conclusion that the conditions 

are similar in background creeks and Red Butte Creek. 

In addition, the benthic macroinvertebrate community indices support the conclusion that the 

communities are similar across Red Butte Creek and background creek systems. 
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Figure 1.
Correlation of Detects in n = 8 Bank and Bed Sediment 
Samples, 1-methylnaphthalene and 2-methylnaphthalene
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Figure 2.
Correlation of Detects in n = 54 Bank and Bed Sediment 
Samples, Phenanthrene and Pyrene
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Figure A-1.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, 1-methylnaphthalene



Figure A-2.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, 2-methylnaphthalene



Figure A-3.
Boxplots of 2014/15 Dataset:  Bank and Bed 
Sediment Samples, Acenaphthene



Figure A-4.
Boxplots of 2014/15 Dataset:  Bank and Bed 
Sediment Samples, Acenaphthylene



Figure A-5.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Anthracene



Figure A-6.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Benzo[a]anthracene



Figure A-7.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Benzo[a]pyrene



Figure A-8.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Benzo[b]fluoranthene



Figure A-9.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Benzo[g,h,i]perylene



Figure A-10.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Benzo[k]fluoranthene



Figure A-11.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Chrysene



Figure A-12.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Dibenz[a,h]anthracene



Figure A-13.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Fluoranthene



Figure A-14.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Fluorene



Figure A-15.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Indeno[1,2,3-cd]pyrene



Figure A-16.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Naphthalene



Figure A-17.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Phenanthrene



Figure A-18.
Boxplots of 2014/15 Dataset:  Bank and Bed Sediment 
Samples, Pyrene



Figure B-1.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, 1-methylnaphthalene



Figure B-2.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, 2-methylnaphthalene



Figure B-3.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Acenaphthene



Figure B-4.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Acenaphthylene



Figure B-5.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Anthracene



Figure B-6.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Benzo[a]anthracene



Figure B-7.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Benzo[a]pyrene



Figure B-8.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Benzo[b]fluoranthene



Figure B-9.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Benzo[g,h,i]perylene



Figure B-10.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Benzo[k]fluoranthene



Figure B-11.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Chrysene



Figure B-12.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Dibenz[a,h]anthracene



Figure B-13.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Fluoranthene



Figure B-14.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Fluorene



Figure B-15.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Indeno[1,2,3-cd]pyrene



Figure B-16.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Naphthalene



Figure B-17.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Phenanthrene



Figure B-18.
Boxplots of Concentrations in Sediment by Sample 
Collection Date, Pyrene



Figure C-1.
Boxplots of Concentrations in Sediment by Creek Location, 
1-methylnaphthalene



Figure C-2.
Boxplots of Concentrations in Sediment by Creek Location, 
2-methylnaphthalene



Figure C-3.
Boxplots of Concentrations in Sediment by Creek Location, 
Acenaphthene



Figure C-4.
Boxplots of Concentrations in Sediment by Creek Location, 
Acenaphthylene



Figure C-5.
Boxplots of Concentrations in Sediment by Creek Location, 
Anthracene



Figure C-6.
Boxplots of Concentrations in Sediment by Creek Location, 
Benzo[a]anthracene



Figure C-7.
Boxplots of Concentrations in Sediment by Creek Location, 
Benzo[a]pyrene



Figure C-8.
Boxplots of Concentrations in Sediment by Creek Location, 
Benzo[b]fluoranthene



Figure C-9.
Boxplots of Concentrations in Sediment by Creek Location, 
Benzo[g,h,i]perylene



Figure C-10.
Boxplots of Concentrations in Sediment by Creek Location, 
Benzo[k]fluoranthene



Figure C-11.
Boxplots of Concentrations in Sediment by Creek Location, 
Chrysene



Figure C-12.
Boxplots of Concentrations in Sediment by Creek Location, 
Dibenz[a,h]anthracene



Figure C-13.
Boxplots of Concentrations in Sediment by Creek Location, 
Fluoranthene



Figure C-14.
Boxplots of Concentrations in Sediment by Creek Location, 
Fluorene



Figure C-15.
Boxplots of Concentrations in Sediment by Creek Location, 
Indeno[1,2,3-cd]pyrene



Figure C-16.
Boxplots of Concentrations in Sediment by Creek Location, 
Naphthalene



Figure C-17.
Boxplots of Concentrations in Sediment by Creek Location, 
Phenanthrene



Figure C-18.
Boxplots of Concentrations in Sediment by Creek Location, 
Pyrene



Figure D-1.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, 1-methylnaphthalene



Figure D-2.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, 2-methylnaphthalene



Figure D-3.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Acenaphthene



Figure D-4.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Acenaphthylene



Figure D-5.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Anthracene



Figure D-6.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Benzo[a]anthracene



Figure D-7.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Benzo[a]pyrene



Figure D-8.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Benzo[b]fluoranthene



Figure D-9.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Benzo[g,h,i]perylene



Figure D-10.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Benzo[k]fluoranthene



Figure D-11.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Chrysene



Figure D-12.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Dibenz[a,h]anthracene



Figure D-13.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Fluoranthene



Figure D-14.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Fluorene



Figure D-15.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Indeno[1,2,3-cd]pyrene



Figure D-16.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Naphthalene



Figure D-17.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Phenanthrene



Figure D-18.
Q-Q Plots of Sediment Concentrations in Background and 
Red Butte Creek, Pyrene



Figure E-1.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, 1-methylnaphthalene



Figure E-2.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, 2-methylnaphthalene



Figure E-3.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Acenaphthene



Figure E-4.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Acenaphthylene



Figure E-5.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Anthracene



Figure E-6.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Benzo[a]anthracene



Figure E-7.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Benzo[a]pyrene



Figure E-8.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Benzo[b]fluoranthene



Figure E-9.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Benzo[g,h,i]perylene



Figure E-10.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Benzo[k]fluoranthene



Figure E-11.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Chrysene



Figure E-12.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Dibenz[a,h]anthracene



Figure E-13.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Fluoranthene



Figure E-14.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Fluorene



Figure E-15.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Indeno[1,2,3-cd]pyrene



Figure E-16.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Naphthalene



Figure E-17.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Phenanthrene



Figure E-18.
Boxplots of Water Concentrations in Background and Red 
Butte Creek for 2014/15, Pyrene



Figure F-1.
Boxplots of Macroinvertebrate Metrics for Background and 
Red Butte Creek - Taxa Richness



Figure F-2.
Boxplots of Macroinvertebrate Metrics for Background and 
Red Butte Creek - Evenness



Figure F-3.
Boxplots of Macroinvertebrate Metrics for Background and 
Red Butte Creek - Shannon's Diversity Index



Figure F-4.
Boxplots of Macroinvertebrate Metrics for Background and 
Red Butte Creek - Hilsenhoff Biotic Index
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Figure F-5.
Boxplots of Macroinvertebrate Metrics for Background and 
Red Butte Creek - Percent Chironomidae (%)



Figure F-6.
Boxplots of Macroinvertebrate Metrics for Background and 
Red Butte Creek - Percent EPT (%)



Figure F-7.
Boxplots of Macroinvertebrate Metrics for Background and 
Red Butte Creek - EPT /C
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Red Butte Creek Data Report

2014 and 2015 June 7, 2016

Table 1.  Summary Statistics for 2014/2015 Dataset for Sediment (Combines Bank and Bed Sediment, and All Sampling Dates)

Detects/
Sample Size FOD Min Max Min Mean Max Mediana

Ratio of 
Mediansb SDa Ratio of SDsc Countd

Significant 
(Yes/No)?e

Backgroundf

1-methylnaphthalene mg/kg 8/104 7.7% 0.00687 0.0125 0.022 0.661 4.18 0.0084 1.04 0.412 53.8 1 Yes
2-methylnaphthalene mg/kg 8/104 7.7% 0.00687 0.0125 0.0249 0.909 6.07 0.0084 1.04 0.596 73.6 1 Yes
Acenaphthene mg/kg 1/104 1.0% 0.00687 0.0125 0.0029 0.003 0.0029 0.0084 1.04 0.001 1.2 0 --
Acenaphthylene mg/kg 4/104 3.8% 0.00687 0.0125 0.0014 0.030 0.0823 0.0084 1.05 0.008 10.7 0 --
Anthracene mg/kg 6/104 5.8% 0.00703 0.0125 0.007 0.047 0.137 0.0084 1.04 0.014 1.1 0 --
Benzo(a)anthracene mg/kg 36/104 34.6% 0.00714 0.0125 0.0014 0.086 0.342 0.0100 1.16 0.051 1.2 0 --
Benzo(a)pyrene mg/kg 38/104 36.5% 0.00714 0.0125 0.0021 0.076 0.31 0.0100 1.14 0.048 1.2 0 --
Benzo(b)fluoranthene mg/kg 41/104 39.4% 0.00714 0.0125 0.0025 0.083 0.322 0.0100 1.14 0.054 1.1 0 --
Benzo(g,h,i)perylene mg/kg 25/104 24.0% 0.00714 0.0125 0.0028 0.067 0.143 0.0098 1.17 0.030 1.6 0 --
Benzo(k)fluoranthene mg/kg 8/104 7.7% 0.00703 0.0125 0.011 0.054 0.164 0.0085 1.05 0.018 1.2 1 Yes
Chrysene mg/kg 35/104 33.7% 0.00714 0.0125 0.0019 0.089 0.405 0.0100 1.16 0.059 1.3 0 --
Dibenz(a,h)anthracene mg/kg 4/104 3.8% 0.00687 0.0125 0.0031 0.015 0.0324 0.0084 1.04 0.003 1.7 0 --
Fluoranthene mg/kg 51/104 49.0% 0.00714 0.0125 0.0012 0.117 0.727 0.0120 1.34 0.099 1.3 0 --
Fluorene mg/kg 5/104 4.8% 0.00687 0.0125 0.0044 0.141 0.609 0.0084 1.04 0.059 24.4 1 Yes
Indeno(1,2,3-cd)pyrene mg/kg 17/104 16.3% 0.00703 0.0125 0.00098 0.051 0.123 0.0089 1.08 0.020 1.1 0 --
Naphthalene mg/kg 7/104 6.7% 0.00199 0.00743 0.0069 0.638 3.52 0.0025 1.03 0.347 40.2 1 Yes
Phenanthrene mg/kg 37/104 35.6% 0.00714 0.0125 0.029 0.137 1.3 0.0100 1.19 0.144 2.7 0 --
Pyrene mg/kg 53/104 51.0% 0.00714 0.0125 0.0039 0.116 0.702 0.0195 1.04 0.106 1.5 0 --

Red Butte Creek
1-methylnaphthalene mg/kg 4/42 9.5% 0.00678 0.0103 0.0208 0.032 0.0457 0.0081 -- 0.008 53.8 0 --
2-methylnaphthalene mg/kg 4/42 9.5% 0.00678 0.0103 0.0241 0.034 0.0464 0.0081 -- 0.008 73.6 0 --
Acenaphthene mg/kg 1/42 2.4% 0.00678 0.0103 0.014 0.014 0.014 0.0081 -- 0.001 1.2 0 --
Acenaphthylene mg/kg 1/42 2.4% 0.00678 0.0103 0.0064 0.006 0.0064 0.0080 -- 0.001 10.7 0 --
Anthracene mg/kg 4/42 9.5% 0.00678 0.00908 0.011 0.045 0.0695 0.0081 -- 0.013 1.1 0 --
Benzo(a)anthracene mg/kg 17/42 40.5% 0.00678 0.00908 0.0386 0.076 0.216 0.0086 -- 0.044 1.2 1 Yes
Benzo(a)pyrene mg/kg 18/42 42.9% 0.00678 0.00908 0.035 0.076 0.166 0.0087 -- 0.041 1.2 0 --
Benzo(b)fluoranthene mg/kg 18/42 42.9% 0.00678 0.00908 0.0302 0.079 0.263 0.0087 -- 0.048 1.1 1 Yes
Benzo(g,h,i)perylene mg/kg 13/42 31.0% 0.00678 0.00908 0.0296 0.047 0.063 0.0083 -- 0.019 1.6 0 --
Benzo(k)fluoranthene mg/kg 5/42 11.9% 0.00678 0.00908 0.021 0.061 0.118 0.0081 -- 0.021 1.2 0 --
Chrysene mg/kg 17/42 40.5% 0.00678 0.00908 0.0341 0.072 0.244 0.0086 -- 0.044 1.3 1 Yes
Dibenz(a,h)anthracene mg/kg 1/42 2.4% 0.00678 0.0103 0.039 0.039 0.039 0.0081 -- 0.005 1.7 0 --
Fluoranthene mg/kg 20/42 47.6% 0.00678 0.00908 0.0241 0.106 0.351 0.0090 -- 0.076 1.3 0 --
Fluorene mg/kg 2/42 4.8% 0.00678 0.00908 0.011 0.017 0.023 0.0081 -- 0.002 24.4 0 --
Indeno(1,2,3-cd)pyrene mg/kg 12/42 28.6% 0.00678 0.00908 0.019 0.046 0.0677 0.0082 -- 0.018 1.1 0 --
Naphthalene mg/kg 7/42 16.7% 0.0021 0.00283 0.014 0.024 0.0331 0.0024 -- 0.009 40.2 0 --
Phenanthrene mg/kg 15/42 35.7% 0.00678 0.00908 0.0323 0.086 0.237 0.0084 -- 0.053 2.7 0 --
Pyrene mg/kg 21/42 50.0% 0.00678 0.00908 0.0286 0.098 0.347 0.0188 -- 0.070 1.5 1 Yes

Notes:
FOD = frequency of detects PAH = polycyclic aromatic hydrocarbon
Max = maximum PQL = practical quantitation limit
Mean = arithmetic mean SD = standard deviation
Min = minimum -- = not available

Bold values indicate data groups with suspected outlier(s).

f  Background creek dataset excludes the Red Butte Creek samples collected above the Ampitheater, considered upgradient.

UnitsChemical

a  Nondetects are reported as PQLs, typically for analytical method 8270-SIM, which yields lower reporting limits than 8270 for PAHs in sediment.  Summmary statistics are based on the full PQL (rather than substitution methods).

b  Ratio of medians is based on the median of Background divided by the median of Red Butte Creek for the same chemical.  For these results, the ratio exceeds 1 in every case, meaning that the central tendency is higher for background 
than for Red Butte Creek.
c  Ratio of standard deviations is the maximum of (SDb/SDr, SDr/SDb) where SDb is the SD for Background and SDr is the SD for Red Butte Creek.  High ratios (e.g., >3) are an indicator that the homogeneity of variance assumption that 
underlies hypothesis tests (both parametric and nonparametric) may be violated to a moderate are severe degree.
d  Potential outliers were identified by examining the rank-order dataset and Q-Q plots.  All suspected outliers are greater than 3 times the interquartile range above the median, and deviate from other detected results in the data group by 
more than a factor of 2.  Suspected outliers may be contributing to the high ratio of SDs for some data groups, but the ratio of medians is robust to single outliers.
e  Rosner's test (α = 0.05) was run on each data group, confirming that the maximum value appears to be inconsistent (higher than expected) compared with the remainder of the dataset.

Counts
Nondetectsa

(mg/kg)
Detects Only

(mg/kg) All Data (Detects + Nondetects) Potential Outliers
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Table 2.  Summary of 95/95 Upper Tolerance Limits for Sediment Collected 2014/2015 in Background Creeks

Chemical Units
Detects/

Sample Size Mina Maxa Mediana Meana GOFb Methodc
95/95 UTL

Max > UTL 

(Yes/No)?d Max Detect

Max > UTL 

(Yes/No)?e

1-methylnaphthalene mg/kg 8/104 0.022 4.18 0.00844 0.661 G, L Gamma using KM with Wilson Hilferty 0.151 Yes 0.0457 No
2-methylnaphthalene mg/kg 8/104 0.0249 6.07 0.00844 0.909 G, L Gamma using KM with Wilson Hilferty 0.189 Yes 0.0464 No
Acenaphthene mg/kg 1/104 0.0029 0.0029 0.00839 0.003 NA Number of detects < 8 -- -- 0.014 --
Acenaphthylene mg/kg 4/104 0.0014 0.0823 0.00842 0.030 NA Number of detects < 8 -- -- 0.0064 --
Anthracene mg/kg 6/104 0.007 0.137 0.00843 0.047 NA Number of detects < 8 -- -- 0.0695 --
Benzo(a)anthracene mg/kg 36/104 0.0014 0.342 0.01 0.086 N, G Normal using KM 0.134 Yes 0.216 Yes
Benzo(a)pyrene mg/kg 38/104 0.0021 0.31 0.01 0.076 -- Nonparametric, r = 102 ordered value 0.163 Yes 0.166 Yes
Benzo(b)fluoranthene mg/kg 41/104 0.0025 0.322 0.01 0.083 G Gamma using KM with Wilson Hilferty 0.149 Yes 0.263 Yes
Benzo(g,h,i)perylene mg/kg 25/104 0.0028 0.143 0.00975 0.067 N, G, L Normal using KM 0.08 Yes 0.063 No
Benzo(k)fluoranthene mg/kg 8/104 0.011 0.164 0.00853 0.054 N, G, L Normal using KM 0.0453 Yes 0.118 Yes
Chrysene mg/kg 35/104 0.0019 0.405 0.01 0.089 G, L Gamma using KM with Wilson Hilferty 0.138 Yes 0.244 Yes
Dibenz(a,h)anthracene mg/kg 4/104 0.0031 0.0324 0.008395 0.015 N, G, L Number of detects < 8 -- -- 0.039 --
Fluoranthene mg/kg 51/104 0.0012 0.727 0.012 0.117 G Gamma using KM with Wilson Hilferty 0.275 Yes 0.351 Yes
Fluorene mg/kg 5/104 0.0044 0.609 0.00842 0.141 G, L Number of detects < 8 -- -- 0.023 --
Indeno(1,2,3-cd)pyrene mg/kg 17/104 0.00098 0.123 0.00888 0.051 N, G Normal using KM 0.0521 Yes 0.0677 Yes
Naphthalene mg/kg 7/104 0.0069 3.52 0.002515 0.638 G, L Number of detects < 8 -- -- 0.0331 --
Phenanthrene mg/kg 37/104 0.029 1.3 0.01 0.137 -- Nonparametric, r = 102 ordered value 0.231 Yes 0.237 Yes
Pyrene mg/kg 53/104 0.0039 0.702 0.0195 0.116 L Lognormal using KM 0.409 Yes 0.347 No

Notes:
G = gamma distribution NA = not applicable
GOF = goodness-of-fit test KM = Kaplan Meier
L = lognormal distribution PAH = polycyclic aromatic hydrocarbon
Max = maximum r = rank order
Mean = arithmetic mean UTL = upper tolerance limit
Min - minimum 95/95 UTL = upper tolerance limit for upper 95 percent confidence limit on the 95th percentile
N = normal distribution -- = not calculated due to small sample sizes (n < 8)

a  Summary statistics for the full dataset (detects and nondetects included).
b  Distributions that pass a GOF test using EPA's ProUCL 5.

e  As an initial background screening step, the 95/95 UTL serves as a background threshold value for comparison to the maximum concentration from Red Butte Creek.  "Yes" indicates that the maximum 
concentration exceeds the 95/95 UTL and the Red Butte Creek datas can be further screened using hypothesis tests.  It is noteworthy that maximum concentrations of benzo(a)pyrene and phenanthrene 
exceed the 95/95UCL by less than 5 percent.

c  The 95/95 UTL value selected is based on the following hierarchy:  select normal distribution result with KM parameter estimates if GOF includes normal;  select gamma distribution with Wilson Hilferty if not 
normal, but gamma and/or lognormal;  select lognormal distribution if GOF is only lognormal; select nonparametric if normal, gamma, and lognormal do not fit.

Background Creeks Red Butte Creek

d  The 95/95 UTL is a background threshold value used to screen site data; however, it is helpful to note maximum concentration of the background creeks dataset exceeds the 95/95 UTL for each PAH.
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Table 3.  Summary of Hypothesis Tests for Sediment in Red Butte Creek, Comparing 2011 to 2014/15

2011 2014/15 2011 2014/15 2011 2014/15 % Reductiona
2011 2015/15

Ratio of 

SDsb

1-methylnaphthalene 0/24 4/42 0.0101, 0.0142 0.00678, 0.0103 0.0125 0.0081 -35% -- 0.008 -- --
2-methylnaphthalene 0/24 4/42 0.0101, 0.0142 0.00678, 0.0103 0.0125 0.0081 -35% -- 0.008 -- --
Acenaphthene 0/24 1/42 0.0101, 0.0142 0.00678, 0.0103 0.0125 0.0081 -35% -- -- -- --
Acenaphthylene 0/24 1/42 0.0101, 0.0142 0.00678, 0.0103 0.0125 0.0080 -36% -- -- -- --
Anthracene 3/24 4/42 0.0101, 0.0142 0.00678, 0.00908 0.0126 0.0081 -35% 0.015 0.013 1.1 --
Benzo(a)anthracene 7/24 17/42 0.0101, 0.0142 0.00678, 0.00908 0.0129 0.0086 -33% 0.086 0.044 2.0 --
Benzo(a)pyrene 6/24 18/42 0.0101, 0.0142 0.00678, 0.00908 0.0127 0.0087 -31% 0.060 0.041 1.5 --
Benzo(b)fluoranthene 6/24 18/42 0.0101, 0.0142 0.00678, 0.00908 0.0127 0.0087 -31% 0.087 0.048 1.8 --
Benzo(g,h,i)perylene 1/24 13/42 0.0101, 0.0142 0.00678, 0.00908 0.0125 0.0083 -33% -- 0.019 -- --
Benzo(k)fluoranthene 2/24 5/42 0.0101, 0.0142 0.00678, 0.00908 0.0126 0.0081 -35% 0.031 0.021 1.5 --
Chrysene 13/24 17/42 0.0112, 0.0137 0.00678, 0.00908 0.0242 0.0086 -64% 0.085 0.044 1.9 0.68
Dibenz(a,h)anthracene 0/24 1/42 0.0101, 0.0142 0.00678, 0.0103 0.0125 0.0081 -35% -- -- -- --
Fluoranthene 14/25 20/42 0.0112, 0.0137 0.00678, 0.00908 0.0283 0.0090 -68% 0.193 0.076 2.5 0.64
Fluorene 0/24 2/42 0.0101, 0.0142 0.00678, 0.00908 0.0125 0.0081 -35% -- -- -- --
Indeno(1,2,3-cd)pyrene 3/24 12/42 0.0101, 0.0142 0.00678, 0.00908 0.0126 0.0082 -35% 0.028 0.018 1.5 --
Naphthalene 1/24 7/42 0.00202, 0.00284 0.0021, 0.00283 0.0025 0.0024 -3% -- 0.009 -- --
Phenanthrene 8/24 15/42 0.0101, 0.0142 0.00678, 0.00908 0.0129 0.0084 -34% 0.086 0.053 1.6 0.90
Pyrene 14/25 21/42 0.0112, 0.0137 0.00678, 0.00908 0.0354 0.0188 -47% 0.184 0.070 2.6 0.65

Notes:
Max = maximum SD = standard deviation
Min = minimum -- = not calculated due to small sample sizes (detects < 8)
PQL = practical quantitation limit

c  Gehan test evaluates differences in sample medians and is used for censored data with multiple reporting limits.  For comparisons between 2011 and 2014/15, tests based on a two-
sided null hypothesis (2011 = 2014/15) concluded differences in medians are not statistically significant ( p -value >0.05). 

Hypothesis 

Test p -valuec

Detects/Sample Size Median (mg/kg) Standard Deviation (mg/kg)

a  The overall trend is for a decrease in median concentrations between 2011 and 2014/15; however, for the heavily censored datasets (e.g., less than 8 detects), this largely reflects the 
lower PQLs reported for the 2014/15 sampling event.
b  The ratio of the standard deviations for the four PAHs with sufficient sample sizes (n ≥ 8 in both datasets) - chyrsene, fluoranthene, phenanthrene, and pyrene - are all sufficiently low 
(i.e., ratio <3) to conclude that the assumption of homogeneity of variance is not violated.

PQL Range (mg/kg) [Min, Max]

Chemical
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Table 4.  Summary of Hypothesis Test for Censored Data Groups

Background RBC Background RBC
Ratio of 

Mediansa Background RBC
Ratio of 

SDsb
Gehan 
Testc

1-methylnaphthalene 8/104 4/42 0.00844 0.00813 1.04 0.412 0.008 53.8 -- --
2-methylnaphthalene 8/104 4/42 0.00844 0.00813 1.04 0.596 0.008 73.6 -- --
Acenaphthene 1/104 1/42 0.00839 0.008065 1.04 0.001 0.001 1.2 -- --
Acenaphthylene 4/104 1/42 0.00842 0.00803 1.05 0.008 0.001 10.7 -- --
Anthracene 6/104 4/42 0.00843 0.008105 1.04 0.014 0.013 1.1 -- --
Benzo(a)anthracene 36/104 17/42 0.01 0.008595 1.16 0.051 0.044 1.2 0.29 0.76 *
Benzo(a)pyrene 38/104 18/42 0.01 0.008745 1.14 0.048 0.041 1.2 0.15 0.58 *
Benzo(b)fluoranthene 41/104 18/42 0.01 0.008745 1.14 0.054 0.048 1.1 0.29 0.50 *
Benzo(g,h,i)perylene 25/104 13/42 0.00975 0.0083 1.17 0.030 0.019 1.6 0.28 0.13 *
Benzo(k)fluoranthene 8/104 5/42 0.00853 0.00812 1.05 0.018 0.021 1.2 -- --
Chrysene 35/104 17/42 0.01 0.008595 1.16 0.059 0.044 1.3 0.25 0.48 *
Dibenz(a,h)anthracene 4/104 1/42 0.008395 0.008065 1.04 0.003 0.005 1.7 -- --
Fluoranthene 51/104 20/42 0.012 0.008965 1.34 0.099 0.076 1.3 0.52 0.80 *
Fluorene 5/104 2/42 0.00842 0.008065 1.04 0.059 0.002 24.4 -- --
Indeno(1,2,3-cd)pyrene 17/104 12/42 0.00888 0.008215 1.08 0.020 0.018 1.1 0.04 0.28 *
Indeno(1,2,3-cd)pyrene, 
detects only

17 12 0.046 0.046 1.00 0.032 0.012 2.6 0.47

Naphthalene 7/104 7/42 0.002515 0.00244 1.03 0.347 0.009 40.2 -- --
Phenanthrene 37/104 15/42 0.01 0.00842 1.19 0.144 0.053 2.7 0.54 0.55 *
Pyrene 53/104 21/42 0.0195 0.01884 1.04 0.106 0.070 1.5 0.52 0.63 *

Notes:
EPA = U.S. Environmental Protection Agency UTL = upper tolerance limit
Max = maximum * = test result is not reliable due to sample size constraints
RBC = Red Butte Creek -- = not calculated due to small sample sizes (n < 8)
SD = standard deviation

a  The overall trend is for the median for background to be greater than the median for RBC (ratio  > 1).

d  The quantile test is recommended by EPA for sample sizes of N ≤ 18.  Critical values for evaluating the null hypothesis for larger sample sizes are not reliable.  
Therefore, none of the results presented here are reliable indicators of differences in the upper tails of the distribution.  Results presented here indicate that there 
are no differences in the 90th percentiles of the background and RBC distributions (p  >0.05).

Chemical

b  The ratio of the standard deviations for PAHs with sufficient sample sizes (n ≥ 8 in both datasets) are all sufficiently low (i.e., ratio <3) to conclude that the 
assumption of homogeneity of variance is not violated.
c  Gehan test evaluates differences in sample medians and is used for censored data with multiple reporting limits.  For comparisons between background and RBC, 
tests based on a one-sided null hypothesis (RBC ≤ Background) concluded differences in medians are not statistically significant (p  >0.05) with the exception of 
indeno(1,2,3-cd)pyrene.  However, when the hypothesis test is applied to detects only, RBC is clearly not elevated compared to background (p =0.47).

Median (mg/kg)Detects/Sample Size Hypothesis Test p -value

Quantile Testd

Standard Deviation (mg/kg)
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